A strain variation of varicella-zoster virus that maps to the UL region of the genome was found to be due to different copy numbers of a high GC 42-base-pair repeat. DNA sequence analysis of this variable region showed the sequence to be 5-GCGGGATCGGGCTTTCGGG(A/T)AGCGGCCGAGGTGGGCGCGACG-3.
Strains Scott and Webster both contain 7 and 32 copies of the repeat, whereas strain Oka has exactly 4 copies less. Microheterogeneity exists within the repeated sequences, depending on the strain and the repeat number.
Sequencing of the entire EcoRI P fragment (which contains the repeated sequences) and part of the adjacent EcoRI M and EcoRI Q fragments from strain Scott showed that the repeats are part of a large open reading frame that could code for a polypeptide core with a molecular weight of 66,000. Several potential TATA boxes exist upstream and two polyadenylation signals are found downstream of the open reading frame. The predicted protein bears several characteristics of a glycoprotein. The region is transcriptionally active in varicella-zoster virus-infected cells, specifying at least three RNA species of 1.7, 1.95, and 2.5 kilobases, which are transcribed from the same DNA strand. Part of the predicted protein has a high degree of homology to the herpes simplex virus type 1 glycoprotein gC.
Many of the members of the Herpesviridae family show variation in DNAs from different strains; some examples are herpes simplex viruses types 1 and 2 (HSV-1, HSV-2; 3, 17, 32, 33), equine herpesvirus type 1 (1), Herpesvirus saimiri (12) , and Epstein-Barr virus (27) . Strain variation seems to occur by at least two different mechanisms. First, there may be small changes in the DNA sequence at specific positions, which result in the loss or gain of particular restriction endonuclease recognition sites. Second, interstrain variation can arise by the insertion of deletion of sequences which do not profoundly alter the virus phenotype. It is clear that many variations are quite stable, both during replication of the virus in the natural host and in extensive propagation of the virus in tissue culture. Similar variations in DNAs from different isolates of varicella-zoster virus (VZV) were also reported (4, 35, 37, 42) . VZV is the causative agent of two distinct diseases: varicella, or chicken pox, and zoster, or shingles, the latter representing a reactivation of latent VZV. The genome of VZV is a linear double-stranded DNA molecule (125 kilobase pairs) composed of a long unique region (UL) and a short unique region (Us) bounded by inverted repeats (IRs/TRs). Both regions are capable of inverting with respect to each other, with UL inverting at a much lower frequency than Us (7, 8, 13, 14, 19, 34, 36) .
Analyses of DNA prepared from virus isolated from patients with either disease and examined by restriction endonuclease digestion (4, 35, 37) suggest that each epidemiologically unrelated strain produces a distinctive set of restriction enzyme patterns, permitting clear differentiation of VZV strains. In contrast, DNA from strains in related outbreaks of VZV infection provide identical restriction (26) . Briefly, EcoRI-P cloned into pUC9 or pBR325 in predetermined orientations was purified from CsCI-ethidium bromide gradients and linearized with BamHI or PvuII. The DNA was then digested with BAL 31 for predetermined times. Digestion was halted by the addition of EGTA (ethylene glycol-bis(,-aminoethyl ether)-N,N,N',N'-tetraacetic acid) to 0.02 M, and the DNA was then digested with EcoRI. The resulting fragments were separated by agarose gel electrophoresis and purified by electroelution. The resulting EcoRI P subfragments possessed one EcoRI terminus and one blunt ternlinus. These were subsequently cloned into M13. Singlestranded DNA purified from recombinant extracellular phage was sequenced by primer extension in conjunction with dideoxynucleotide chain termination as previously described (31) .
Heteroduplex mapping by electron microscopy. Cloned EcoRI P fragments derived from VZV strains Oka and Scott were purified by extraction from low-melt agarose gels as previously described (22) . Heteroduplex mapping by electron microscopy was performed as described for VZV EcoRI fragment E (4 Heteroduplex mapping by electron microscopy. To determine both the number of possible variable regions and their locations within EcoRI-P, electron microscope analyses of heteroduplexes between purified P fragments from Scott and Oka were performed. An electron micrograph of a typical heteroduplex molecule is shown in Fig. 3 . Analysis of 46 heteroduplexes showed that each molecule consists of mostly double-stranded DNA, with a collapsed singlestranded loop located at a mean fractional distance of 64% (±8%) from one end of the heteroduplexes. This result suggests that the difference between the two DNAs lies at one site only and implies that a single deletion or insertion exists toward the center of the fragment.
Sequencing of EcoRI-P. To determine the source of these differences, the EcoRI P fragments from different clones were partially sequenced. Deletions were generated by digestion with BAL 31 from a single HinclI restriction site. Cleavage of EcoRI-P at this site generated 1,350-and 450-bp fragments from purified Scott EcoRI-P and 1,150-and 450-bp fragments from purified Oka EcoRI-P. After digestion with EcoRI, the termini of the truncated P fragments consisted of a cleaved EcoRI end and a blunt end. These were then cloned into the EcoRI and SmaI sites of M13mplO replicative form, and the recombinant virus DNA was sequenced (31) .
Preliminary results (Fig. 4) indicate that the strain difference is due to different copy numbers of a repeating se- quence. The top of a gel in which clones of the Oka and Scott 1,150-and 1,350-bp fragments were sequenced from the Hincl end is shown in Fig. 4 . Although the nucleotide bands are too close to allow determination of the precise sequence, a regular ladder pattern can be seen, particularly in the C lanes, which represent repeating sequence units. There appear to be eight repeating units in strain Scott and four in Oka. Sequencing of additional deletions showed the repeating sequence to be 5'-GCGGGATCGGGCTTTCG-GG(A/T)AGCGGCCGAGGTGGGCGCGACG-3' (reading from the single internal HinclI site). It is 42 bp long and contains a single HaeIII site. Preliminary work from this laboratory previously showed that digestion of variable EcoRI P fragments with this enzyme removes the variation but yields a multimolar fragment of approximately 40 bp (T. A. Casey, Ph.D. thesis, Uniformed Services University of the Health Sciences, Bethesda, Md., 1984). Taken together, these data suggest that the difference between the two strains of VZV in EcoRI-P can be entirely explained by different copy numbers of a 42-bp repeat.
Precise sequencing of the repeat regions also showed ( Fig.  5 ) that strains Scott and Webster contain 7 and c copies of the repeat, whereas Oka contains precisely 4 copies less. In addition, microheterogeneity exists between different copies of the repeats, depending on the position and the strain. For example, the second repeat of strain Scott has a C to A substitution at position 12 (the only example of this change found so far) and in all strains base 20 is either A or T, depending on the strain and the location.
At this point, the question arose as to the location of this variable region relative to VZV genes, since the previously investigated variable region (in TRs/lRs) seemed to lie outside the polypepide coding sequences (4, 9) . Therefore, the DNA sequence of the region around the 42-bp repeat was determined. This eventually involved sequencing the entire P fragment plus a KpnI-EcoRI subfragment of EcoRI-M and part of EcoRI-Q. The nucleotide sequence is shown in Fig. 6 
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1201 GAAAGCCCGATCCCGCAGCCAACGCCCAACATTCACAACCACCTTTTCTATTTGAAAATA P K P D P A A N A Q H S Q P P F L F E N Further information on the predicted protein can be obtained from the hydropathy plot (Fig. 7) . The protein has a short region of relatively nonhydrophobic residues at the amino terminus followed by a highly hydrophobic region of some 13 or 14 amino acids, which could be a signal sequence for membrane-coupled protein synthesis. This hydrophobic region would constitute the amino terminus and be a likely signal sequence if initiation occurred at the second ATG codon. This arrangement of two possible ATG start sites was also predicted from the sequence of a glycoprotein found in the Us region of VZV (6) . In addition, there is a highly hydrophobic region consisting of some 30 amino acids located at the carboxy terminus of the protein. Taken together, these characteristics strongly suggest that the putative product of this open reading frame is a glycoprotein.
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To identify a possible role for this putative glycoprotein in VZV infection, we compared the protein sequence with that of other herpesvirus proteins. Data presented by Davison and Wilkie (11) and A. J. Davison (personal communication) suggest that the genomic organization of VZV is very similar to that of HSV, except that the UL region of VZV is inverted with respect to the prototype arrangement of HSV as defined by Roizman (29) . Based on this, it was possible to demonstrate that the map location for this putative VZV glycoprotein corresponds approximately to the map location of glycoprotein gC in HSV-1. Thus, a direct comparison of the 08-546  19-456  110  120  130  140  150  160  170  180   AASRKPDPAVAPTSAASRKPDPAVAPTSAATRKPDPAVAPTSAATRNPDPAVAPTSAATRKPD)PAMAQISQPPFLFEN I   GAGVAGGSETASTGPTITAGAVTNASEAPTSGSPGSAASPEVTPTSTPNPN NVTCNCTTPTEPASPPTTPKPTST PKS  20  30  40  50  60  70  80  90  190  200  210  220  230  240  250  260   OCVHGGIQSIPYFHTFIMPCYMRLTTGQQAAFKOQQKTYEQYSLDPEGSNITRWKSLIRPDLHIEVW FTR HL IDPH   P PTSTPDPKPKNNTTPAKSGAP TKPPGPVWCDRRDPLARYG SRVDIRCRFRNSTERMEFRLQIWRYSMGPSPPIAPA  100   110  120  130  140  150  160  170  270  280  290  300  310  320  330  340  RQLGNALIRMPDLPVMLYSNSADLNLINNPEIFTHAKENYVIPDV KTTSDFSVTILSMDATTEGTY IWRWNTKTKNV   PDLEEVLTSITAPPGGLLVYDSATNLTDPHVLWAEGAGPGADPPLYSVTGPLPTORLIIGEVTPAPOGMYYLAWGRMDSP   180  190  200  210  220  230  240  250  350  360  370  380  390  400  410   IS EHSITVTTYYRPNITTWGDPVLTGQTYAAYCNVSKYYPPHSVRVRW TSRFGNIGKNFITDAIQEYANGLFSYVSAV  HEYGTWVRVRMFRPPSLTLQPHAVMEGQPFKATCTAAAYYPRNPVEFDWFEDDRQVFNPGQIDTQTHEHPDG FTTMST   260  270  280  290  300  310  320  330  430  440  450  460  470  480 9 . Northern blot analysis of the EcoRI-P region. Northern blots of VZV RNA were probed with the double-stranded EcoRI P fragment (a), the double-stranded HaeIII-generated 42-bp repeat fragment (b), the sense-strand-labeled EcoRI-P (c), the missensestrand-labeled EcoRI-P (e), or the missense-strand-labeled 1,150-base EcoRI-HincII fragment of EcoRI-P (d). The approximate sizes of the RNA species are shown. amino acid sequences of HSV-1 gC (15) and the putative VZV glycoprotein was made using the SEQHP program method (16) . The locally homologous amino acids of parts of the two proteins are shown in Fig. 8 Fig. 8 is greater than 26 standard deviations from the average matching of 100 random sequences, suggesting that the homology is highly significant.
Analysis of the transcription from the EcoRI-P region. We showed with the above data that the VZV sequences incorporating the EcoRI-P variable region are, in theory, capable of coding for a glycoprotein. We therefore examined transcription from the EcoRI-P region in vivo to determine whether this was an active region of VZV DNA. RNA was prepared from cells infected with VZV strain Ellen and transferred to nitrocellulose as previously described (25) . We used single-stranded probes generated from this region of VZV DNA which allowed the determination of the direction of transcription of these RNA species. The results are shown in Fig. 9 . Double-stranded DNA of EcoRI-P was found to hybridize to at least three transcripts of 1.7, 1.95, and 2.5 kilobases (kb) (Fig. 9, lane a) . Probes The glycoprotein predicted to result from translation of these transcripts has not, as yet, been identified in VZVinfected cells. To continue these studies, it is likely that it will be necessary to obtain an immunological reagent capable of recognizing this protein, and this is being pursued. From the sequence, the polypeptide core of the protein has a molecular weight of about 66,000, but addition of sugars is likely to increase that figure substantially. Comparison of its amino acid sequence with that of HSV-1 gC showed homology between the two proteins, particularly in a region located toward the carboxy termini of the proteins. In contrast, there is less than 20% overall homology outside this region; this may suggest that an important part of these two molecules lies in these conserved regions.
It is not yet known what function gC has in HSV-1 infection. Furthermore, it was shown that HSV-1 gC is not essential for virus infection, since several virus isolates were found that lack this glycoprotein (5, 18). The HSV-2 counterpart of gC was also reported to be nonessential (41) . We are now attempting to determine whether this putative VZV gene is also nonessential.
Finally, it may be of significance that strain Oka, with the smaller gene described in this paper, is the attenuated vaccine strain of VZV (38) , whereas the other VZV strains analyzed have been passed relatively few times outside human cell culture. Strain Oka was reported to have many irregularities in its DNA (40) , although none of the reported differences between the parent and vaccine strains corresponds to the variable region reported here. It will therefore be important to determine whether the number of copies of the 42-bp repeat in the parent Oka strain is the same as in the vaccine strain. It may be that the characteristics of this VZV glycoprotein are an important determining factor in the pathogenesis of varicella or zoster infection.
